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That certain  aspects of  susceptibility  to transplantable  tumors  are
genetic phenomena has been demonstrated in the case of a carcinoma
and a sarcoma of the Japanese Waltzing micel 2 and in two mammary
adenocarcinomata  occurring  in  a  special  strain  of  highly  inbred
common  domestic  mice.4,5 The  acceptance  of  the  view  that  sus-
ceptibility  to  transplanted  neoplasms  is  fundamentally  a  genetic
problem  encounters  an  obstacle  in  those  transplantable  tumors
which  grow  in  all  inoculated  individuals,  irrespective  of  the  strain
of  mice  employed.  This  is  particularly  true  of  a  sarcoma  trans-
planted at the George Crocker Research  Laboratory  Fund, Columbia
University,  and designated as  No.  180,  a tumor which grows  almost
uniformly  in a  number  of  different  strains  of  laboratory  mice  from
several  sources.
The following  experiments have been  carried out, not so much  for
the  purpose  of  discovering  a  race  resistant  to this  tumor,  although
that was the original intention,  as to determine whether there are any
indications of genetic phenomena associated with its transplantability.
About 400  mice  have been  employed,  a  number insufficient  for  con-
clusive  data,  but as  the work  has  been  unavoidably  interrupted,  it
seems advisable  to present  the data as  they stand at present.
1  Little,  C.  C., and Tyzzer, E. E.,  J. Med. Research, 1915-16, xxxiii,  393.
2  Little, C.  C., Science, 1914, xl, 904.
3 Tyzzer, E. E., and Little,  C. C., J.  Cancer Research, 1916,  i, 387.
4 Strong,  L.  C.,  and Little,  C.  C.,  Proc. Soc. Exp.  Biol. and Med.,  1920-21,
xviii, 45.
6Strong,  L. C., J. Exp. Zool., 1922, xxxvi,  67.
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Methods.
The usual methods of transplanting by means of  a trocar were used
in  these  experiments,  care  being  taken  to  get uniform  sized  grafts.
Individuals  belonging  to the  several contrasted  groups  of  mice were
inoculated  with tissue from  the same  tumor mass  on  the same  day.
In  some  experiments  individuals  of  a  particular  group  were  inoc-
ulated  immediately  preceding  individuals  of  a  contrasted  group;
in the  next  experiment  the order  of  inoculation  of  the  two  groups
was reversed.
We have  attempted  to work  out a  technique  for  determining  the
growth  rate  of  the  transplanted  sarcoma  but  any  estimate  of  this
kind,  especially  for the  tumor  used in these  experiments,  is  subject
to many errors  caused by hemorrhages into the tumor, areas of necro-
sis,  etc.  Causes  for  individual  variations  in  growth  rate  are  still
obscure  but factors  known  to influence  this  are intercurrent  disease,
local infections, and lack of uniformity in the stock of mice employed.
In  the  present  account  we  have  not  given  the  individual  growth
rates but rather the averages for the number  of animals in the various
groups.  The  method used  was  as  follows:  A  number  of  mice  were
inoculated with the tumor and 1 week later the tumors were measured
and  recorded  as  accurately  as possible;  then  some  of  the mice  were
killed  and  the tumor  masses weighed  to  a tenth  of  a  gram  and  the
ratio  between  the  measurement  and  the weight  worked  out.  This
procedure was  repeated weekly  up to the 4th week after  inoculation
and in some  cases,  to the 5th, but it was not considered  worth while
to continue  longer  as  the tumor  became  soft, and  extensive  necrosis
was  common after this period.
The  individual  growth  rates  in  the experiments  were  determined
either  by  comparing  the  measurements  with  the  weights  of  the
standard series,  or by taking the actual weight of  the  tumors at the
end  of  the  experiment.  The  former  method  is  crude  but it, in  all
probability,  gives an approximation  to the true weight.  The method
of  the estimation  of the weight of  the tumor mass was  used only for
the first 2 weeks of  the experiments.  The data for  the 3rd, 4th, and
5th  weeks  were  based  upon  actual  weights.  The  degree  of  signifi-
cance  between  two  contrasted  groups  of  individuals,  being  based
primarily  upon the  data  of  the latter part  of the curves, is therefore
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EXPERIMENTS.
Experiment  .--For the  first  experiment  the  behavior  of  the  sarcoma  was
studied in the  special strain  of albino  mice,4' 5 a stock rendered  relatively  homo-
geneous by  the mating  of brother  to sister over  a period of several years.  Two
classes of animals  were used:  (1) sexually immature mice averaging about 6 weeks
old,  the limit being 5 to  7 weeks,  and  (2) adult mice,  over  2j  months  old and
apparently sexually mature.  The growth rates of the tumor in these  two groups
are given in Table I and Text-fig.  1.
TABLE I.
Average Growth Rate of Tumor in Albino Strain.
Wks ................................ 1  2  3
gm.  gm.  gm.
20 young .....................  0.22  1.15  2.86
19  adults .....................  0.24  0.57  0.91
TExT-FIG.  1.  Average  growth  rate of tumor  in albino strain.
While this sarcoma  grew progressively in all of the mice inoculated
it  is  evident  from  the  figures  that the  rate of growth was relatively
faster  in the immature than in the mature  individuals.
Experiment 2.-The mice  selected  for inoculation  in this experiment were  of a
relatively  heterogeneous  strain  as  compared  to  the  homogeneous  stock  of  the
first  experiment.  The  individuals  were  descendants  from  a cross  between  two
inbred strains or  else mice produced by  the promiscuous mating of a number of
domesticated  mice from several sources.  This has been brought about by includ-
ing only those mice of known hybrid constitution.  By the process of outbreeding,
that is by the mating together of  mice that are known  not to be  closely related,
the degree of heterogeneity, or hybridity, of the offspring was increased.  Several
distinct  stocks of mice were used for the parent generations but it should be clear
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that the mice forming the parent stock were  not included in this experiment  since
most of them were from inbred and relatively  homogeneous  stocks.  These parent
stocks were  (1)  the inbred albino strain used in Experiment  1, (2) a highly inbred
stock known  as  the "dilute browns,"  and  (3)  a  stock of partially inbred  yellow
mice.  In  addition  another  group  of  mice  known  as  market  mice,  including
individuals  from  several  distinct  sources,  was also  used for inoculation  with  the
sarcoma.  A deliberate attempt  was made  to render  this group as heterogeneous
as  possible.  The  results  obtained  from  inoculating  the  sarcoma  in  this  stock,
divided into immature and mature individuals, is shown in Table II and Text-fig. 2.
TABLE  II.
Average Growth Rate of Tumor in Mixed Strain.
Wks .............................  1  2  2 + 1  day.  3  3 + 1  day.
gm.  g.  g  . g  gm.  gm.
79 young .................  0.24  2.40  2.70  4.90
203 adults  .................  0.07  1.25  3.50  3.90
Weatht  in
grm
TEXT-FIG.  2.  Average  growth  rate of tumor  in  mixed population  strain.
The results  from  inoculation  in  the  heterogeneous  strain  show,  as
in  the  first  experiment,  a  more  rapid  growth  of  the  tumor  in  the
immature  mice.
Experiment 3.-A  strain  of  wild  mice  which  had  been  caught  in  the  pigeon
coops  of the  Carnegie  Institution Laboratory  at  Cold Spring Harbor  were  used
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for this experiment.  Some of the individuals had been inoculated a year or more
previously with an adenocarcinoma  but on account of the lapse  of time and the
fact  that none  of  them had shown  more  than a  transitory  growth, it was con-
sidered safe to use them for the present experiment.  This wild strain was divided
into three groups:  (1) young, between 4 to 9 weeks old, (2) adults, above 3 months
and  sexually  mature,  and  (3)  old,  individuals  apparently  past  sexual  activity.
TABLE  III.
Average Growth Rate of Tumor in Wild Strain.
....  ..........................  2  3  4  s  6
g  gm.  . Ign.  gin.  gm.
21 young  ...................  0.22  0.97  2.55  4.40  6.10 
14  old ......................  0.22  0.64  2.35  4.36
24 adults ...................  0.15  0.33  0.89  1.35  2.08  0.960
8 castrated adults ............  0.52  1.68  1.84  2.37  5.76  2.434
TExT-FIG.  3.  Average  growth  rate of  tumor in  wild  strain.
The individuals that were grouped together as old mice were  those that had been
classified as adults of 10 to 14 months of age, a year previously.  In addition it is
possible  to recognize  old  age  in  wild  mice  fairly  definitely.  The relative  size,
sparsity  of hair, especially  on the head,  decreased  activity, and pugnacity,  espe-
cially among  the males, are all so well  marked that classification  is  not difficult.
The results of inoculation  of these  groups are shown  in Table III and Text-fig.  3.
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The  experiment  evidences  again  the  greater  susceptibility  of  the
immature animal  over the normal  adult and furthermore  it adds  the
surprising  fact  that  the  mice  past  sexual  activity  have  a  suscepti-
bility equally  as great  as that of  the immature individuals.
Experiment 4.-Some  of the animals  from the  wild  strain had been  castrated
10  and,  in some  cases,  12  months  previous  to  the  present  experiment.  There
were  two groups  of these,  one  in which the  animals  had been castrated  before
sexual maturity,  and the other group castrated  during sexual  maturity.
The  nine  mice  of  the  first group  showed  complete  resistance  to
inoculations  of  the sarcoma,  while  twenty-one  controls  of  the  same
TABLE  IV.
Summary of Percentage Indications of  Progressive Growth for All Classes of
Mice Employed.
Mice.  Age group.  Strain.  No. susceptible.  No. resistant.  Percentage susceptible.
Normal.  Adult.  Mixed.  203  - 1.15  3  98.5  0.5
it  Young.  79  0  100
id  Adult.  Albino.  19  0  100
"I  Young.  20  0  100
I  Adult.  Wild.  24  1  1.5  6  80  5
Old.  "  14  0  100
Young.  21  0  100
Castrated.  Adult.  8  0  100
Young.  "  0  9  0.0
age  and  stock  were  uniformly  susceptible.  In  the  second  group,
castrated  a year  previously  but by an operation  performed  during
sexual  maturity,  all individuals  grew  the sarcoma  progressively  and
at  a rate greater  than that found in normal individuals  of  the same
class and equalled only by the rate in immature and old mice  of the
previous  experiment  (Text-fig.  3).  The  control mice from  the same
class had a susceptibility of  80 per cent  +  5.  It is possible that these
gonadectomized  adult  mice  had  gone  over  into  the  old  age  stage
which would explain  the increased  growth rate  of the tumor.
Whether  the  differences  are  significant  is  problematic  since  the
number  of  mice  employed  in  the gonadectomy  experiment  is small.
However,  resistant  animals  among  the  normals  are  so  extremelyLEONELL  C.  STRONG
rare,  that it seems to us that the results  in the first  group,  operated
on  before  maturity  with  complete  resistance  in  nine  mice  to  the
tumor  inoculation,  is  suggestive  even  with  so  small  a number  of
animals.
For comparison  the percentage  of takes in all  of the above experi-
ments  is  given in  Table  IV and  the  growth  rate  for  the  tumor  in
adults  of the three  strains of mice  employed in Text-fig.  4.
TEXT-Fio. 4.  Average  growth  rate of  tumor in  adults  of the three strains of
mice  employed.
DISCUSSION.
The  fact  that  the  physiological  changes  within an organism,  due
to age, have a significant influence upon a host's tolerance of a trans-
planted  tissue  has  been  fairly  well  established  Very  young  indi-
viduals of a non-susceptible  race will sometimes grow a transplantable
tumor,  although  no adult  individual  of  the  same race  will  grow the
same  tissue;  vice  versa, immature  individuals  of  a  susceptible  race
will  sometimes  fail  to grow  a transplantable  neoplasm,  yet  the same
individuals  will  grow  the  same  tissue  when  they  become  sexually
6Little,  C. C., J. Exp. Zool., 1920, xxxi, 307.
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mature.  Old  mice  beyond  the  stage  of  sexual  activity  react  to
transplantable  neoplasms in a way  similar  to immature  ones.'
In  the  case  of  the particular  sarcoma  used in  these  experiments,
it  was  impossible  to  determine  any  indication  of  tissue  specificity
by the study of the percentage  of susceptible mice within any particu-
lar age group  since  there  was practically  100  per  cent  susceptibility
for  all classes  of  normal individuals  except  in  the case  of  wild mice
in  which  there  was  approximately  80  per  cent  susceptibility.  This
sarcoma  is  evidently  of such a nature that it calls forth no resistance
from  normal  individuals  of  the  several  available  stocks  of  mice.
This fact is  not contradictory  to  a genetic  interpretation  of  suscep-
tibility to transplantable  tumors,  as  all  our  domestic breeds  of  mice
have  possibly had a common  origin,  so that it is more than probable
that all breeds  have at least  some  genetic  factors  in  common.  Ge-
netic factors are involved for susceptibility to certain neoplastic tissues
and  should  not be  excluded  in  those  cases  in  which  all individuals
grow  the  transplanted  tissue.
The fact  that adult  mice  grow  the  sarcoma  more  slowly  than do
immature  ones  would  indicate  that during  the  stages  of  sexual  de-
velopment  there  is  a  gradual  increase  in  the vital  resistance  of  the
host to  the transplanted  tissue.  In other words,  the host possesses
the phenomenon  of  tissue  specificity  to some extent, at least, to this
particular  neoplasm.  Old  mice  revert  to  conditions  analogous  to
those  of  the immature  stages  in as far  as both classes  give the same
growth  rate  curve,  although  the  conditions  that  bring  about  this
result may  not  necessarily  be  the  same.  At  any  rate,  there  is  an
indication  that with  the onset  of senescence  there is possibly  a con-
comitant loss of  at least some  of  the tissue specificity.
The  experiments  dealing  with  gonadectomized  individuals  give
more  evidence  for  the  assumption  that  the  phenomenon  of  tissue
specificity  is accountable  for  differences  in growth rates between  the
different  age  groups.  Gonadectomy  probably  does  not  change  the
percentage  of  susceptible  individuals,  provided  the  individuals  be
mature  when  operated  upon.  This bears  out  a  conclusion  derived
from  the  work on  two  adenocarcinomata  reported  in a previous  in-
vestigation.s  The only discernible  effect of gonadectomy  upon adult
individuals is a slight increase  in the growth rate of the transplantedLEONELL  C.  STRONG
sarcoma.  The  conclusion  seems  warranted,  therefore,  that by  the
removal  of the gonads from adult individuals one may remove  certain
checks  that  function  against  the  transplanted  tissue  in  normal  in-
dividuals.
Another  point  concerning  the  work  on  gonadectomy  needs  to
be  discussed.  If  young,  immature  mice  are  operated  upon,  then
kept  a  year,  all  of  them  fail  to  grow  the  sarcoma  although  100
per cent  of normal individuals  of  the same age  class are  susceptible.
Apparently  gonadectomy  has had  some  determining  influence  upon
the  physiological  mechanism  that  controls  the  transplantation  of
tissue.  The  conclusion  to  be drawn  for  this  experiment  is  that the
gonads have,  by some  means,  a significant  effect,  to some extent  at
least,  upon  the assumption  of  tissue specificity  within  the organism.
This is a verification  of  the same conclusion  reached in the previous
paper  already  referred  to.5 The  numbers in  this  particular  experi-
ment  are  so  small,  however,  that the  conclusion  can be  only  provi-
sionally stated.  That  these results  differ from those  of  other inves-
tigations  upon  gonadectomy  may possibly  be  explained  by the fact
that the operated individuals  were kept approximately a year before
inoculation.
The last  point  deals with  the growth  rates  for adult  individuals
from  different  sources.  Mice  from  a  homogeneous  race  grow  the
sarcoma much more slowly than do individuals from  a heterogeneous
or mixed population.  Tyzzer and Little determined  that F, hybrids
between  the susceptible  Japanese  Waltzing  mice  and  a  non-suscep-
tible  race  grew  a  sarcoma  faster  than  the  original  homogeneous
Japanese  Waltzers.  The  homogeneity  and  heterogeneity  of  or-
ganisms  are,  to a large  degree,  the manifestation  of the genetic  con-
stitution of the individuals.  The conclusion  is warranted,  therefore,
that perhaps  the  growth  rate  of  the  sarcoma,  used  in  the present
experiment,  is in some  way correlated  with  the genetic  constitution
of hosts.  If this  conclusion be  true then  it is  evident that we have
a  mechanism  that  will explain  the variable  growth  rate  of  the neo-
plastic  tissue in a group  of market mice.
This  sarcoma  does,  then,  apparently  have  some  characteristics
that  can  be  explained  by  the genetic  theory  of  the  transplantation
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of  tumors.  There  are  other obscure matters  concerning  this tumor,
of interest from the genetic standpoint, that can  only be determined
by  future  investigation.
CONCLUSIONS.
1.  A sarcoma  of  the mouse  which has proved  to  be transplantable
to  a great variety  of  strains  of  mice  does  not furnish  an  exception
to  the  theory  that  transplantability  is  controlled by  genetic  factors,
since  this  tumor  possesses  some  characteristics  that  are  more  than
probably  genetic.
2.  The phenomenon  of  the assumption  of  tissue specificity  on  the
part of  the host may possibly  be  of genetic  origin.
3.  The evidence  suggests  that the  gonads have  some influence  on
the assumption  of tissue specificity  on the part of the host.
4.  The  growth  rate  of  the  transplanted  tumor  may  possibly  be
correlated  with the genetic  constitution  of  the host.